tions.
mice, induction of long-term depression (LTD), which requires activation of both D1 and D2 receptors, was brains using antibodies specific for α-synuclein or frame ATG in exon 1. Although downstream in-frame ATGs exist in exons 3, 5, 6, and 7, if aberrant initiation ubiquitin, markers of Lewy bodies, showed no inclusions (data not shown). Immunohistochemical analysis of translation were to occur at these sites, radically truncated proteins would be produced. Southern analyusing antibodies specific for tyrosine hydroxylase (TH), the rate-limiting enzyme in DA synthesis, showed no sis of heterozygous F1 mice confirmed the germline transmission of the targeted allele ( Figure 1B) . Homozygross abnormalities in the morphology of dopaminergic cell bodies ( Figures 1D-1G ) or projections to the striagous mutant mice were viable and grossly normal in appearance. Western analysis using a polyclonal DJ-1 tum (data not shown). We further counted the number of TH-immunoreactive neurons in the SNpc using steantibody raised against a C-terminal peptide confirmed the absence and reduction of DJ-1 in homozygous and reological methods. No significant differences were observed in the number of nigral dopaminergic neurons heterozygous mutant mice, respectively ( Figure 1C ). As this antibody recognizes the very C terminus of DJ-1 in DJ-1 −/− and wild-type littermates at the ages of 3 (n = 6 per genotype) and 12 (n = 4 per genotype) months with high specificity and sensitivity, the absence of lower molecular weight immunoreactive bands indi-( Figures 1H and 1I ). Quantitative analysis following paraquat treatment (10 mg/kg, once per week for 3 cated that no stable fragments of DJ-1 resulted from aberrant initiation of translation at downstream ATGs.
weeks) of DJ-1 −/− mice at the age of 3 months revealed similar numbers of dopaminergic neurons in the SNpc We therefore concluded that deletion of exon 2 results in a null (−/−) allele, making DJ-1 −/− mice excellent geof DJ-1 −/− mice and wild-type littermates (see Figure  S1A in the Supplemental Data online), suggesting that netic models recapitulating the loss-of-function mutations in DJ-1 linked to recessive parkinsonism.
dopaminergic neurons lacking DJ-1 are not more sensitive to paraquat at the dose tested. Mating between DJ-1 −/− mice yielded healthy litters of normal size, indicating normal reproductive funcWe then used HPLC to quantify the total amount of DA in dissected striata and found that levels of DA were unaltered in the striatum of DJ-1 −/− mice at the age of 3 months ( Figure 1J) . Furthermore, the ratio of DA to its major metabolites dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) was also unaltered, indicating normal turnover of DA in DJ-1 −/− mice. To determine whether DA synthesis was affected in DJ-1 −/− mice, we measured TH activity in vivo by HPLC quantification of the product of TH, L-DOPA, in the presence of NSD-1015, an inhibitor of DOPA decarboxylase capable of passing the blood-brain barrier. Similar levels of L-DOPA were found in DJ-1 −/− (62.0 ± 4.9 ng/mg tissue) and wild-type mice (56.9 ± 2.5 ng/mg tissue; p > 0.05; n = 7 per genotype), suggesting normal TH activity in the absence of DJ-1. Consistent with this result, realtime RT-PCR analysis showed similar levels of TH mRNAs in DJ-1 −/− and wild-type brains ( Figure S1B ). To examine whether DJ-1 is required for normal dopaminergic neurotransmission, we measured evoked DA overflow. Acute striatal slices were prepared from DJ-1 −/− and wild-type mice at 3 months of age. A carbon fiber recording electrode was placed in the dorsal striatum, which receives the majority of dopaminergic projections from the SNpc. A proximally placed bipolar electrode was used to deliver single pulses (0.5 mA, 2 ms) to stimulate release of synaptic vesicles. The current caused by the electrochemical oxidation of the released DA was measured with the recording electrode nearby. The current amplitude was markedly reduced in DJ-1 −/− slices (10 × 10 6 ± 1 × 10 6 pA; 177 stimulations in 35 slices from 14 mice) compared to wild-type slices (63 × 10 6 ± 25 × 10 6 pA; 162 stimulations in 32 slices from 13 mice; *p < 0.05, t test) ( Figures 1K and 1L) , indicating a marked decrease in evoked DA overflow in the absence of DJ-1. As evoked DA overflow is determined primarily by release and reuptake and DA reuptake is mediated through the dopamine transporter (DAT), we measured evoked DA overflow in the presence of the DA reuptake blocker nomifensine. Blockade of DA reuptake eliminated the reduction in evoked DA hyperpolarized the cell membrane and blocked firing activity (n = 6; Figure 2B ). Upon washout, the resting the membrane rapidly repolarized, and action potential membrane potential slowly recovered, and action pofiring resumed. Furthermore, DA reduced the frequency tential discharge returned to control levels ( Figure 2B ).
of action potential discharge less in DJ-1 −/− than in In DJ-1 −/− slices, the response to DA (100 M, 45 s) was much shorter (n = 7; Figure 2B ). After DA washout, wild-type mice ( Figure 2B , insets). In control nigral neu-rons, prolonged bath application of DA (100 M, 12 min) hyperpolarized the cell and abolished the firing activity (n = 6; Figure 2C ). The membrane hyperpolarization persisted throughout the DA application and returned to control levels after a long washout (20 min). In DJ-1 −/− nigral neurons, an even longer perfusion with DA (14 min) caused a short-lasting response compared to controls (n = 5; Figure 2C ). The membrane hyperpolarized but soon returned to resting levels and resumed firing activity. The inhibitory effect of DA on nigral neurons is mediated specifically by D2 autoreceptors, as it is completely blocked by D2R antagonists (Lacey et al., 1987) and is absent in D2R −/− mice (Mercuri et al., 1997). To confirm the impaired activation of D2 autoreceptors in the absence of DJ-1, we examined the effect of the D2R agonist quinpirole on firing activity of nigral neurons. As expected, brief application of quinpirole (300 nM, 15 s) caused a longer-lasting hyperpolarization of the cell membrane and blockade of the firing activity in wild-type mice (8.2 ± 3.1 min) than in DJ-1 −/− mice (4.7 ± 1.4 min) (n = 4 per genotype; Figure 2D ). Together, these data show that SNpc neurons lacking DJ-1 are less responsive to D2 autoreceptor stimulation, suggesting a partial impairment of D2 autoreceptor-mediated activities.
Because DA released from the nigrostriatal terminal modulates corticostriatal glutamatergic neurotransmission at medium spiny (MS) neurons in the striatum, we examined synaptic transmission and plasticity of MS 
